To illustrate when peroxisomes reappear that are capable We have introduced the wild-type PEX3 or PEX19 gene under the control of the GAL1 promoter in a of importing PTS1-containing proteins and to indicate when Pex3 arrives at its final destination, the other pex3D or pex19D mutant of S. cerevisiae. After induction of the wild-type genes, we have followed trafficking strain (DHY553) constitutively expresses CFP-PTS1. To decrease the chance of coincidental colocalization, we of the newly synthesized YFP-tagged Pex3 or Pex19 proteins using real-time imaging in living cells. The used diploid cells, as they are larger and therefore more suitable for microscopy. A detailed description of the wild-type phenotype, which is characterized by the presence of multiple protein-import-competent peroxigenetic setup is depicted in the table describing the strains (see Table S1 ). somes, is restored within 5 hr after induction. Interestingly, both Pex3 and Pex19 proteins appear first in the Using these two strains, we induced peroxisome reformation in cells devoid of this organelle and followed ER before maturing into peroxisomes. In addition, Pex3-and Pex19-labeled foci initially localize to the ER Pex3-YFP from its first appearance until restoration of wild-type peroxisomes 5 hr later. before maturing into ER-independent, import-competent peroxisomes. These results suggest that the ER contributes to peroxisome formation, particularly by Pex3-YFP Travels via the ER to Peroxisomes donating lipid material for the peroxisomal membrane Figure 2A shows characteristic time points of the develand thus classifying peroxisomes into the group of ERopmental process triggered by limited induction of derived organelles.
Pex3-YFP in strain DHY552. At all time points, the perinuclear and cortical ER is clearly visible (Sec63-CFP Figure S2 ). confirmed by the diffuse cytoplasmic localization of an The other strain, DHY553, illustrates these findings in integral peroxisomal-membrane protein (Pex15) and a a different way ( Figure 2B ). At all time points CFP-PTS1 peroxisomal-membrane-associated protein (Pex1) (see is produced. Initially, no structures are present that can Figure S1 in the Supplemental Data available with this incorporate CFP-PTS1, and cells present overall fluoarticle online). A disadvantage of the GAL1 promoter is rescence, illustrating CFP-PTS1's cytosolic location. the high Pex3 protein level obtained after induction, After 2 hr, the first subcellular accumulations can be which can lead to mislocalization and hampers normal observed in some cells showing one or two fluorescent peroxisome development and maintenance. We therespecks that colocalized with the Pex3-YFP dots, indifore exposed the cells to galactose for 30 min only, folcating that the Pex3-YFP-labeled structures matured into PTS1-protein-import-competent peroxisomes. Aflowed by glucose to repress the promoter again. The 
YFP-Pex3 to be the ER as depicted in (A). Wild-type peroxisomes marked with CFP-PTS1 in (B) remain largely unlabeled by YFP-Pex3 at this early time point, but few colocalizing dots are discernible in few cells. Already, 5 min later, only very weak ER-localized YFP-Pex3 can be detected (A), but substantial amounts of the Pex3-YFP signal concentrate into the CFP-PTS1-labeled peroxisomes (B). Sixty minutes after limited induction, all detectable YFP signal is organized in ER-independent dots (A) marked as peroxisomes by the CFP-PTS1 label (B). Scale bars, 5 m.
ported into the newly formed peroxisomes, and part of is based on our observations in S. cerevisiae that the two peroxisomal proteins required for peroxisomal the YFP-Pex19 colocalized with the new organelles, while the rest remained cytosolic. The initial concentramembrane biogenesis, Pex3 and Pex19, both target first to the ER before appearing in peroxisomes. Realtion of Pex19 into dots at the ER supports the notion that the earliest events in peroxisome formation occur time imaging of YFP/CFP-tagged proteins using the fluorescence microscope revealed the following morat the ER. phological features: shortly after synthesis, the fluorescence signal of Pex3-YFP completely overlaps with the Pex3 Is Required for Anchoring Pex19p to Subregions of the ER The concentration of Pex19 at the ER 90 min after induction spatially and temporally coincides with the pattern observed for Pex3 in the previous time courses (Figures 2 and 6 ). To show that it is indeed the membrane protein Pex3 that recruits part of the cytosolic pool of Pex19 into dots at the ER membrane, we studied the behavior of YFP-Pex19 after induction in the absence of Pex3 (pex3D). We constructed the corresponding pex3 null mutants in the CFP-PTS1 and Sec63-CFP-labeled GAL1-YFP-PEX19 strains and repeated the time course (Figure 7 , strains DHY846 and DHY849). The YFP-Pex19 signal only localized to the cytosol and never concentrated into the ER-associated dot-like structure. As a consequence, cells did not develop peroxisomes.
We conclude that ER-localized Pex3 attracts Pex19 and marks the site for insertion of additional peroxi- 
